SUMMARY: Cortisol is a member of the corticoid family and is known as a stress hormone. In cetaceans, cortisol is frequently measured as a stress indicator. However, inappropriate estimation of cortisol concentration frequently occurs due to a lack of fundamental knowledge of corticoids in cetaceans. We carried out several experiments to establish standard methods of cortisol measurement in cetaceans. 1) Cortisol biosynthesis was confirmed in Antarctic minke whales Balaenoptera bonaerensis. Corticoids including cortisol, progestins, adrenal androgens and many other intermediates were synthesized from 14C-pregnenolone. 2) Serum cortisol concentrations in 15 cetaceans species were measured. Average cortisol concentrations in each species showed a wide range from 2.9 ng/ml in killer whale Orcinus orca to 39.9 ng/ml in striped dolphin Stenella coeruleoalba. A negative correlation between cortisol and body length was confirmed. 3) Diurnal changes in cortisol concentrations were investigated in well-trained Indo-Pacific bottlenose dolphins Tursiops aduncus and in killer whales. Cortisol concentrations in both species exhibited episodic fluctuations with decreases in the evening and increases in the early morning. Annual cortisol changes in killer whales were also investigated, and pattern varied according to sex. 4) Changes in serum cortisol concentrations following transport into captivity in a male rough-toothed dolphin Steno bredanensis were investigated. Cortisol concentrations were high on the day of transport, and continued to decline until stabilizing about four months later. 5) Twenty-one-deoxycortisol concentrations increased with time after transport, and a significant negative correlation between cortisol and 21-deoxycortisol was demonstrated in a rough-toothed dolphin. This suggested that 21-deoxycortisol is useful as a negative indicator of stress.
INTRODUCTION
The adrenal gland is a secretary organ existing in all vertebrates. The gland consists of an outer cortex and inner medulla. The cortex is responsible for the synthesis and secretion of steroids, while the medulla synthesizes and secretes catecholamines. Corticoid secretion is stimulated by adrenocorticotropic hormone secreted from the pituitary under the control of corticotropin releasing hormone originating in the hypothalamus. The steroids can be grouped into three classes on the basis of their physiological effects: glucocorticoids, mineralocorticoids, and sex steroids. 1 Cortisol is a representative glucocorticoid and is used as an indicator of stress in individuals, because its secretion is respondent to stressful conditions in many types of animals. In terrestrial mammals, many studies on cortisol have been conducted, and a wide body of knowledge on cortisol, for example, metabolic pathways, fluctuating ranges, average concentrations, Significant negative correlation between cortisol concentration and body size was observed in the 15 species (p<0.05) , and a stronger negative correlation was shown in 12 captive cetacean species (p<0.01). In addition, serum cortisol concentrations in the morning and body weights showed the same negative correlation in normal adult individuals trained to undergo the husbandry blood sampling method at Kamogawa Sea World (p<0.05). This correlation indicates that cortisol plays a role in energy production in the body, because the amount of energy demand is in inverse proportion to the body size, although additional studies are needed to confirm this hypothesis.
Diurnal and annual variations in Cortisol concentrations
In cetaceans, diurnal changes in cortisol concentrations have been seldom investigated. Judd and Ridgway (1977) carried out through day sampling in bottlenose dolphins and reported that cortisol concentration decreases toward 18:00 and some peaks occurred at midnight. 20 However, it was unlikely that blood samples could be obtained without the influence of stress on their cortisol concentrations as these animals had been kept on a stretcher inside a container throughout the process of blood sampling. We obtained blood samples from two captive killer whales and two Indo-Pacific bottlenose dolphins by the husbandry method at an interval of three hrs for twenty-four hrs and serum cortisol concentrations were measured by RIA. Cortisol levels in both of these species showed the same tendency to decrease at 18:00 and increase during the next morning. Especially in dolphins, cortisol concentrations were significantly lower at 18:00 and higher at 3:00. In the present study, it is suggested that cetaceans are diurnal animals because they show the same diel rhythms in serum cortisol concentrations as those of diurnal terrestrial mammals. A high concentration was observed on the day of transport and levels fluctuated around 20ng/ml for two months; however, levels gradually declined these after and stabilized at approximately 10 ng/ml three to four months later. A similar tendency was observed in white whales and killer whales transported into Kamogawa Sea World. Twenty-one deoxycortisol is a precursor of cortisol synthesized in the adrenal cortex. It cannot be detected in the blood of terrestrial mammals except in human patients afflicted with congenital adrenal hyperplasia and Stein-Levethal syndrome.21-23 In our study, steroid hormones extracted from blood samples of white whales Delphinapterus leucas, Antarctic minke whales, bottlenose dolphins Tursiops truncatus, and killer whales were separated by high performance liquid chromatography, and 21-deoxycortisol concentrations in eluted fractions of the hormone were measured. Results showed that 21-deoxycortisol concentrations in several cetacean species were equivalent to corresponding cortisol concentrations. However, 21-deoxycortisol was not detected in the blood of a wild bottlenose dolphin caught by drive fishing; most likely, it was not converted from 17-hydroxyprogesterone, the precursor of 21-deoxycortisol.
Moreover, 21-deoxycortisol concentrations gradually increased after transport into captive conditions in a rough-toothed dolphin, and it was negatively correlated to cortisol concentration (p<0.05). These results indicate that 21-deoxycortisol is not secreted when an animal is under stressful conditions, but it begins to be secreted when the animal is unstressed. Further studies are planned to investigate this area.
In conclusion, a great deal of information on 
